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ABSTRACT 

PURPOSE: To obtaip — a film having a high thermal rP^i Qt^nro and high 

corrosion rppic tance; a hign_saturaTTbn magnetic flux density , an Pvrpl 1 ^nt- 
soft mflffnpl-ir charant-pristTc a n d a good frequency char acteristi c — By* 



JOURNAL: 



laminating soft magnetic thin films which have an atomic ratio composition 
expressed by a specific formula that shows a specific orientation in X-ray 
diffraction, through non- magnetic thin films. 

CONSTITUTION: Soft magnetic thin films 41 which have the atomic ratio 
composition expressed by the formula Fe(sub 100-x-y-z)M(sub x)Ni(sub 
y)N(sub z) (M is at least one kind of element selected among Mg, Ca, Ti, 
Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn and B, 0.1<=x<=15, 0<=y<=10, 0.1<=z<=15) 
that have the relative intensity ratio 1/3 of Fe(200) peak to Fe(100) peak 
are laminated through non-magnetic thin films 43. For example, the soft 
magnetic thin films 41 which are made of Fe(sub 8 7)2r(su b 10)N(sub 3 1 and 
the non-magnetic thin films 43 are laminated alternately by RF magnttron 
sputtering, each 10 layers, on a base material 45 which is made of Mn-Zn 
fernte, to form a soft-magnetic multilayer film 4. 
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#3-0~6 0fen*. NiOtftl 5~5 0*JH*S. Zn 

o*i5~4 o^xea©*)©^**. 

[0 0 8 2] 371. 2©a8ST©flSfc»jfc?ggB8 
tt. 0SL<tt3, 000~6. OOOGtfS. fiS» 

*t<£Tt**&, C©«t5ttfifta^S©gU8-pB, * 

5. UE«H*c:A*t. BffijJtlilJDLTtta^y Hi 5 



< 6 > &§8¥4-24 0 7 04 

10 

[0 0 8 3] 371. 2©jS82T©fflS«^M «l, 
0 0 0EU:. flfcSTjHc BO. 3 Oe KTTf*5Clt*t 

[0 0 8 4] Sfc. 37 1. 2©¥*y:/gB2t|n]Efct 

[0085] &&&£jigg4tt. mm$iz&ga>m>m 

tt. W5ELfc*»W©«c«^SK«fflHS. 

[0 0 8 6] am^? K^^©tt«tt^®K4©fis» 

«Jf£$6«Bs tt. 14 0 0 0G«±, ±B»SKttl 
6000G&J:, #IC« : *b<ttl 7 0 0 0G^±T& 

h#tt*«L-, #CS5«»7J©iaaiBS»ft:'\©iBS 

[0 0 8 7] £fc» iC«tt^m4C!)«Cttttl«K«, 
(10 0) EAtttflftt), (10 0) EAtt#3ft»&, 

[0088] £)t. &.m&£®m4 0t&m&®mv%& 

a©¥^teSfegtt, 5 0 0 AjKT. A D«F* K tt 3 
OOAKT. 4*fcl 0 0~3 0 OAeaT*SCt*tff 

[0 0 8 9] i©«^. «cBU5*&tt, ffc*>*>, aim a. 

S» F£j^fc*tfS*»tt$jMl4«D6 0HzT©#«7j 
He }4, 2 Oe it)»ll/<Bl Oe 
30 »*KttO. 8 Oe EtT-CfcaCitfjf *L 
T, &«tt£®K4©5MHz ^©SJgfiK^/i tt. 1 0 
0 0 «±, «tD»*L<ttl 5 0 OSU, #KSf£L< 
B2 0 0 0&±-C&S£d:tf!ff£ LV». ««*Hc 

[0 090] «cstt£jm40Kmi. »su<tto. 

2-5tfn, 3&Kfi : *l,<tt0. 5~3uniT?*S. 

[0091] ;:©«t5&ttaH4#Bie4*5rr5;:tt 

<fcO. *ttao&A<N9HttftBM8 0 0 Oe £t±©« 
[0 0 9 2] *UT. 371, 37 2&&im8mg>® 

•f F4*i4fe-3 5 dB J»TOAff«4l«t1l6n«. * 

fc. ih»t8<!:tt. filAfi, 1 f ©9©ffl7J*Vi . 2 f 
M^©ffl7jSV, tLfctg. (V« /Vi ) XI 0 0 
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tO 0 9 3] ¥*y75tt. 

1 5 0 6^fc^§n§j!;7^*WST»5. * 

**• **y^&^***yy3S££i««>.5fc». @ 
^©<k5fc**y75 1 i4r*»:/5 3 £©2JgTJ&£ 

[0 0 9 4] £:fc. ^JEf«.Jg^7X3*t, 
flaiK FK$n&tyy--f T^a^y f©££b, 

©Jg^j5fet««FlC$!fg«^:Vs*t. X/tyj'tftfeJitoS 
CiAtffSLK ^y^fitt, SflfO. 2~2. 0« 

ID gfir?&5. 

[009 5] #$g9i©M I Giia&M^y Ftt, 02^0 
3K^an5<fc3fc» §11 37 It, ^2 37 2t*t^ 
y5§^-UTS5-&— #^$nTViSfe©T»S. 3 

ffitf 3 £ Eftfci&gW 57. 3 £85 L-atJ £ £ fc <k 0 ff 
■5. ffl^S^«fif7X3©fp*ia*Twtt4 5 0~7 0 

0-C, ftfc4 6 0-6 5 ot:.aMre**!:&*t«FSU 

©3|feflf*tl 0' poise tJftSiSST?3iS. 
[0 0 9 6] *^WT?H»Sft14©igiiKfE©tjjSBKt^ 
K4Sffl^S&», C©«fc5&Tw©#yX£ffll,>TJS 
gLTfc. &fifc*jHc «2 Oe £HT, Oe 
5 0 . 8 0 c «T©fiiS«fip-r5. Sf^7X 3 

[0 0 9 7] 

PbO:6 7. 5~8 7. 5Sg*gg 
B, O. : 4. 0~8. lfifiSKgg 
S i O. : 7. 5~1 6. 6fiS%S£ 
Alt O. : 0. 3-0. 8M&%m& 
ZnO : 2. 2~3. 3Sfi5ge« 
Bii Oi : 0~0. lSSseeS 
Nai O, K 3 O. CaO§: 0~4SS%g& 
Sbi O. : 0~lfia%gfi? 
[0 0 9 8] &£, jgffKIKLTtt, 

ftTwiSiatt. aiir©£ifcfc«kr>fT5. c©«^. }g 
ft«tt^aiB4©jiMaa!s*fa5«t5KUT 

[0 0 9 9] #388fc*5^Ttt, BKfcjj^n* 
<£fifcajfcffig£&SR6*?&£U S2 372fc|Ua £ 



(7) 4$M¥4-2 4 0 7 04 

bfctt«<4#HS54€:JgjKbfc^t>>!P-SEDGS©M I 
M I GSBM'Sy P&n«MMI**S!:£:«tT*ft. 
gSS 6 3 - 3 1 1 5 9 1 ^fcjS£n*fifi&?ll83&«g&# 

[oioo] tftattttft'vy Htt, ^sn^i;x5-f 
^-t-ttfcsn. jjatf-csn^y H7-fe>^u-is 

h^-f^©S±S©lfjrt8fflAy H, S(Ea!©VTRffl 
H^R-DATffl'Ny Ffc£©&a«^\y F£L 
TJSl^ns. £©«fc5fcOT» ffl^©*^©^^ 
y FtJBtoT. &»©8*©;£5£©:a— /t-7-f hGft 

[0 10 1] Jfcfc, *JH90MHtt'\ 9 r FfctHvCK 

# wr*. 

[0 10 2] BI5IC. ^^©ffjaSIJgfilT&^^l! 

Htt. X9-f*7±fc. 1MM8 1. ~FfflttM9 1. 
*ty^llo. ISS®8 3. 3^*11 1, ®&M8 

5 . jtjnnHi 9 5 *<fcitf&®/g 1 2 sja^^rr &. 

[0 10 3] *«W»tfetiTXy'f^7tt, SJBftl/T 
a£3f£4>»©a>«r©t>©^nntfJ:<, m%-\i-k ! 7$.y 

5y^X. ^ICAIi O a -T 1 CSMlS^fr-S-fe^ 
30 Sy^X, ZrO, £i^ttSt7$y«, Si 
C£±j&#£-r£-fe7Sy^X*fcKA 1 N&*J«»t 

JUfettTMg, Y, ZrOi , TiOi WttSn 
TWfeiH. X7<^7©«tt J ?»-b-'fX^©K*fl=tt 

4ia©<srn© i b©-efeoT"ba:<, ffi^i^usss*? 

[0 10 4] X7-f^7±KB, tm®8 

la&ss i©»»ti,TttaaE^»]©fe©tt^n"b 

» frfe5t#fCtt. SiO» . Ah Oi ^Sffl 

©<Sjn©fe©T»tpTfc«t<, ^3A.ttK^tt, 5~4 0 

tin msttTz. 

[0 10 5] mmt, ffi«S^©«t'5t. T®affi®9 
1 1. ±fiS«ffiH9 5 tUTSKJ-Stl*. 

T«««S9 i*«tr;±®«sjB9 5»c«, -en-en. 
Ma©M i Gsnaa^y f*>edgs©m i GsaaA 

y F©«ftiH«fc. #369!©tt8tt#Jilfi£ffl^*. 
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[0 10 6] T$*«fctf±®«ffiJl9 1. 9 5©A*- 

irr&mmm 9 1 omm\t i~-su* mm, ±mmm 
9 5©e©tti~5 am m&t-rtiti&H. rmmm 
9 1 %£v±mffim 9 5 ©raictt^r y fm i o at® 

to 1 0 7] **y?mi OlCf*. ai» o» . s 1 o 

0gA«» 0©KJ¥B0. 2~1. 0 

[0108] ^)vmii<o^mz\m\zmm}tf3i<, 
a»fflv>6ii«Ai, cu^©^«sffi^ntf«kK 3 

^ JV©g|5!Vt*->^g®®gfc^T&{HI8«ft< , 
&»©t>©£SJ3S&&ffl-rntfJ:K 0y*.tf#[slA* 
— >fcoHT«, H^w^Ai" 5;ns©te, «JlIg, 5? 

to l o 9] H^WTtta-f lift, nfcijisx/t 

1. 9 5WlcBBI8SnT4J0, n<;WI l l £TS*.k 
tf.hg|*B&ffi®9 l. 9 5WfcfcM&&J88 3, 8 5*t&jg 

[0 110] &&@8 3, 8 5©#8£UTtt(fcfe£tfn 

©"t>©«<srn i e>ffiffl^tg-ea&Dx a*.i& »Kfpaax 

A^ftlCjcDfrftSi^fcte. SiOa. A 

[oin] ±es«ffig9 5±i:a«iii2^ 

^JfJ*nS. fllMl 2©#ft£LT«££*&$n©fc0 

^efie*^»©t>©ttv>rn'b^pjfiBT?*o, 
KjPtti o~50/ii aK&Ttu&i*. ft*. *agi 

[0 112] C©«fc5ft»K«&Ay H©fijglg«. 

[0113] ffaaA^v h©**©/^- 

[0 114] ly^tltlWiyMyf^ 
H 7-f X y Off ft 5 £ £ 
[0 115] *fta0*MR«<\9 Htt. 7-^©^ 

*4i»©7-fe>^u -k&&&t>&Tm an*. 
[oii6] frs©*as§a©»KJsa^y fsjs 



(8) #H¥4-24 0 7 04 

w 

£©«&. &Htf>Hc rt*. 8 0 OOe &±©~K& 
[0 117] 3 **Wfc*HTl*. #«<4Sfil8] 

\ztm&&m&&nt>->#.\z&]gihiti). mmgM 
nic«tatt^aa&aj£L%:H^<D37A-7R±^ 
#£-*>-a-& 0 lt. cn&o«atttt#aair j: oaea@ 

RtaiftUTaAAy K£bTfc«kl<>. ft*. ffiftB©6 

10 8K#}&j££nT^£fc©T&oTt>J:^. 
[0 118] 

[0 119] 

02fc^$ftS«fc-5lc, 8ln71£\ ^y^S-Hn] 

SffiUfc. 371, 2©»IBMn-Zn7i5-fht 
U Sl8fc-e©£?ntfiJlt8fgBs 1*5 0 0 0 G, ftja&$ 
a/ a 1*3 0 0 0. «StfjHc 1*0. 1 Oe Tftofc. 

[0 12 0] &&&£€Jf 4t*. 8tf8tt»&i:#«H4» 

K£€3^2ic^n^ni oa-raawu-cartbfc. & 

KfPSO. lam iUfc. £©:$•&. ^Ay^»J>^4 
Fe.sZr.s (K^Jfc) ©£&£*— h£U Ar 
tfcNi *1 o^^rrsgffl^T-Cfrftofc. Si 
f^EE*tt0. 4Patl/£. #«tt#Kf*. RF 

vnhD^y^CiD^U HUSO. 01m 
m LVft. 

30 [0121] «t«tt#ie©ffl^. mmttm, m&&% 
mm<n\MM^<»mm$L&m.Bs . ^«»5o hz t© 

[0122] ft*, bs . hc iszztu ix&mtmm 
«©fflT*5. t©«^. s»fflaasr*6 0 ot, 

«EttS«±C«C«tt^ie4S'\y Hf^a©IS£H-© 
A. Bs SlJfelCttVSM, Hc SlttliB-HH/- 
5 nOe) SfflV»Tff-3&. 

[0 12 3] ^+y7*5 lfcttS IO. SfflK ^Ay 
^CJ:0»*U -t©e^tt0. 3 (i a th1t. 
7*5 3lca, ^lSSTw*t6 5 0*C©g«^5X*ffl 
fysfc. ft*. =1*-fry7*5 attX/tyjreJcBaAl, -t 
©K^ttO. lam £Ufc. 

[0 12 4] -S«jtf7^3ttt, fP3iaaTw*t. 6 0 
0 1:©72. 50PbO-7. 05 B»0»-14 57Slfo-0. 55Alt0i-2. 75Z 
n(H».05BU03-2.50Na t O-0.30SbiOj 
» 6 0 0 , CTj8«*ffo&. 
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[0 12 5] £&, 3'f;^->Stt2 0x2^->t 

[0126] c©«t5cuTS3i$n&aM^y fsij- 

>7;VNo. Iff*. ZLO^yfJVb. fiH8**ti5 0 
0 Oe ©A-K5VX*fcftJ8V»T, H7y£l@14tf 
id iCTTSW&ttsaiJtLfc. fcfc, StefclBLTte. 
% 1 37 1 &. )\- F5r^ X *'J -x-f >£f{BS£ Lfc. 
[0 12 7] W-A--7-f h^ftt) 1. 2 5MHx©l 
ffi^SESU *^T?ilO±*»5 2. 5 MHz ©2 f® 
^£Mfc#£Ufc. 2 fM^©fflAI^-r51 f«^© 

[0 12 8] (ffijg • *?£&£$£) 5MHz ©«^£ffl 

[0 12 9] rn&©^*ttTg©t*?)T&-5. 
[0 130] 

fflmmm-.Fesi Zn. Ns (JgFpJfc) 

Bs : 1 7, 0 0 OG 
He : 0. 30e 

U (5MHz ) :400 0t-n-7-f H$ft:-4 0 
dB 

Vf-p : 1. 30tfVAm/ir-> 
[0 13 1] ■V->~f)\,&l&&5% <tt*W£MQ 

©aft^- h u 1 6 8^ra§ufc«, ma 

tt»e©s®smTssft«7?a^^«i:c5, *&9i© 

£3, He Bl Oe 5}cSiT&o&. fcitfV 

©SS[»»tt"b^fT?ab-p?i:„ 

[0 13 2] 1J->y;i/No. 1 ©fS*ffla»©tt»tt 

»K©XSE}f^Ar-hSH6fc^T. ilW^v-hfc 
JlSi, Fe (110) tr-^fc»f5Fe (2 0 0) 
©ffi#3iSifctt, 3. lf&O. V>7Mo. 1 
B, (10 0) E(SH4**!lV>Jlt£ffig-c#-5. £&, 
S^SHliFrA^-^&fe (1 0 0) El5]j&tg*&tt 
fc. 

[0 133] jutm 

i ©fts&tt^jgKsK^ i ©wa©#:»&» 

KEKX.fctt«%llfl 1 tm-<DV>7Mo. 2 



(9) <$H J F4-24 0 7 04 

Jfi 

Bs : 1 7, OOOG 
He : 0. 50e 
U (5 MHz ) : 3 0 0 0 
^■-Jt-y-i h&tt : - 4 0 dB 
Vp-p : 1. 20uV/nm/i>-> 
[0 13 4] V>7Mo. 2&m&5% (MSS 

#$) ©£fc*HJ*A*8S+l::i 6 8ft|H)gUfc 
8. «C«tt»R©^ffi*«?g|S^Te^LfctJ:^. 

#ssgi©iJ->:/jmo. itmm. zzfaftttrnzt/uZ 

10 flUB^n&^ofc. 6 0#W, 7 0 0t:i;:T3§& 

fflSLfctilS. He ttl Oe *&, m 

*«kt;v - ©raaamfttt, v>?m 0 . iads 

[0 13 5] fcii, -9->7Mo. 2 ©g&ffla&©#«tt 
^©XI&Htfr^-hB:, Vy/Mo. liiiTS 
0, ^^ESf/t^-^Sfe (1 0 0) E[bJ# 

[0 13 6] ittStM2 

20 m&&z.itmzmmwi tm-<o^kw\zrFe? s zr 

[0 13 7] 

Bs : 1 6, OOOG 
He : 0. 70e 
li (5 MHz ) : 2 0 0 0 
*- /*-9-f : - 3 7 dB - v 
Vp-p : 1. OtfV//im/i'-> 
[0 13 8] CtoV^Mo. 3©««<48&©F e 
.30 (110) fcr-^fcftl-SFe (2 0 0) tf-?©^ 
3&fiUfc«0T<p3-D&. tnS©iS**^» Fe (10 
0) GAaAX#i&s&*-irfc«. 
[0 13 9] SS6092 

^Sat^Ay F-0->7/Mlo. 4, 6. 8, 10, 12, 
14. 1 6*«fctfl 8i, Jfc&fllltlHSIcLT. it« 
ffl-9->^;VNo. 5, 7. 9, 11, 13, 15, 17* 
•fctfl 9 tS&ilU HSS©88££frfcofc. 
[0 14 0] Uc«HSjmfflj£tt, F^jMNl 
40 r _N8 OwlCT, S 1 iC^^nSiTtC. x, yi$" 

[0 14 1] 

mi) 
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1 




















No. 




IB 


& 




ass 




M 


X 


y 


w 








T 1 


13 


0 


0 


10 


B N 




T i 


13 


0 


0 


1 






H T 


ID 


0 


Q 


10 


S £ a N* 




H f 


10 


0 


0 


1 






i a 




0 


0 


10 


ZrO. 


3 (JtR) 


Ta 


12 


0 


0 


1 


— 




Nb 


12 


0 


0 


10 


SiOa 




Nb 


12 


0 


0 


1 


— 




£ r 


i ft 

10 


2 


0 


10 


Al, 0* 


13 (JtR) 


Zr 


10 


2 


0 


1 




14. fTicS&HB^ 


£ r 


8 


2 


0 


10 


ZrC 




T 1 


2 










15 fB-J^ 
ia \iAJfX.) 


r 


O 

8 


2 


0 


1 






T i 


2 












Zr 


8 


0 


0 


10 


Si c 




Ti 


2 










" tttt» 


Zr 


8 


0 


0 


1 






Ti 


2 










is mm) 


Zr 


10 


0 


1 


10 


TaC 


19 (Jt») 


Zr 


10 


0 


1 


1 





I«2] 



(11) 



19 



No. 



4 

5 (]#» 

6 

7 om 

8 CfrfSE) 

9 am 

10 

11 (ttK) 

12 (*&SP!) 

13 OfcS) 

14 (*fSW) 

15 (it®) 
IB CfcffifB) 

17 am 

18 (*&?» 

19 am 



Bs(G) 



Hc(Oe) 



ft tt 

(dB) 



^S¥4-24 0 7 04 



16000 


0.3 


3500 


-37 


1.30 


16000 


0.5 


2500 


-37 


1.20 


16500 


0.4 


3300 


-38 


1.29 


16500 


0.6 


2300 


-38 


1.19 


160O0 


0.5 


3200 


-37 


1.27 


16000 


0.7 


2200 


-37 


1.18 


16000 


0.3 


3400 


-37 


1.30 


16000 


0.5 


2500 


-37 


1.19 


18000 


0.2 


4500 


-42 


1.31 


18000 


0.4 


3500 


-42 


1.22 


17800 


0.2 


4500 


-41 


1.31 


17800 


0.4 


3500 


-41 


1.21 


17500 


0.3 


4000 


-41 


1.31 


17500 


0,5 


3000 


-41 


1.20 


16800 


0.2 


4000 


-40 


1.33 


16800 


0.4 


3000 


-40 


1.22 



[0143] v>7Mo. 4 ~ 1 9 <r>Wim/mm<r> f e 
(no tr-*fc*rrsFe (200) tr-*©«# 
sa&ifcn, i~i oeatefco, m=mmmrt*->fr 

5fe (10 0) gBfl&tgasnfc. *89i©-!>-> 

7Mo. 4~1 9B, jffAttfe^fT?a&ofc. 
[0 14 4] fcfc. COB*. tat2«a^SClC*^TM*t 

[0 14 5] §|ffi«si3 
E D Gg©* f)V • -f > • * * ,/ ^laiA y H SSig 



[0 14 6] 

B5KzR£ttS<fc5K: % 7,v-i9l ±\zm&. m&fss 

1. TgB8«g9 1, ^^y^JglO, ^j&J@8 3. 3 

-f jwh 1 1 , i&gjgs 5, ±.mmwg9 siszv&mm 

1 2£#-rs^O^'\>yH£»@Ufc. £©«£, & 

30 [0 14 7] ^7<^7Kli, Al. Os -TICSffl 
V>fc. &g@8 1 ICtt, All Oi SfljU, KJPB3 0 
tfm ibfc. TS8fe±«±ffl»ffig9 1, 9 5ttt. F 

e 9 7 M Nl Ns Owtl, S3»C^Sn5K 

^0. 1 Mm ©K8tt&H&, K0O. 0 1 um ©#» 

[0 148] 
[S3] 
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21 22 
* 3 



No. 


M 


II 

X 


& 
y 


w 


mm 






7 r 


in 


n 
u 


n 
u 




7-M 

r i\ 




Z r 


10 


n 
u 


U 


i 
i 




**** *-i-wvyc/ 


Z r 


in 


n 
u 


n 
U 


ou 


*7 w. M 

Z. r N 


civ \'-f*TOrj/ 


T i 


13 


n 


u 




■Q VI 
XS JV 






11 


n 
u 


n 
U 


1 

1 






H f 


ID 


n 

u 


n 

u 








n x 




u 


' ft 

u 


1 




27 fA&BH) 




lb 


n 


n 


OU 


•7 « r\ 

& r u b 






It 


n 
U 


U 


1 




29 H&Bi) 


Nb 


12 


o 


V 




o 1 Ue 






lb 


n 
u 


n 
U 


i 




31 


Z r 


10 


2 


o 


au 


a 1 n 

nls 


32 (jt$5) 


Zr 


10 


2 


n 
u 


l 
J 




33 (^BH) 


Zr 


g 


2 


n 

u 


•jn 






1 1 












34 (JtSJ) 


Zr 


s 


2 


0 


1 






Ti 


2 










35 (*|6^) 


Zr 


8 


0 


0 


30 


Si C 




Ti 


2 










36 ttfcfc) 


Zr 


8 


0 


0 


1 






Ti 


2 










37 


Zr 


10 


0 


1 


30 


TaC 


38 (it©) 


Zr 


10 


0 


1 


1 





[0 14 9] TSB:fc«fctf±gWKffi/S9 1. 9 5©«8ST 
©fSfP«*8F«Bs , m$t&.S 0 Hz T©«SfcfrHc , 

[0 15 0] ¥vy7&10te\i. SlOi fcfflU, K 
JPttO. 25/im n-fj^llCH CuSffl 

K H^©«k5fcx/W7;Mfcfc}gj£L&. i&&%8 

S. B5Ctt,AliOi £#V>fc. *fc. £8Jgl2 



fctt, Alt Oi «J|]», 0W»4 0#i 
[0 15 1] C©J;5»C, HHB&'W H^>^l/No. 
2 0~No. 3 8£Ki§Lfc„ lUlS©**;'^*:. « 
Bt**tl 5 0 0 Oe ©A-H^^i'teffl^T, UiiS 

[0 15 2] 
[*4] 
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(13) ftBa¥4-240 7 04 

23 24 

m. 4 













No. 




waa57J 
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